In hospitals, infection control for measles and rubella is important. Medical and nursing students as well as healthcare workers must have immunity against these diseases. Many countries have adopted requirements for healthcare workers' documented vaccination history or laboratory tests as evidence of their immunity. Evaluating a written vaccination history is difficult in many cases. Therefore, we compared measles and rubella antibody titers with self-reported vaccination history and we evaluated the association between the history and measles and rubella antibody titers, using the medical and nursing students' data. We analyzed 564 data for measles and 558 data for rubella. Vaccination history was requested to be completed as accurately as possible. Students with one or more measles or rubella vaccinations had high positive ratios of titer, and the ratio was significantly higher than that of the students without vaccinations. The positive ratio between the two-dose and one-dose vaccination groups was not significantly different for measles or rubella (measles: p = 0.534, rubella: p = 0.452). Although it should be requested that the history is complete by using other resources, such as referring to maternity passbooks or proof of vaccination, self-reported history may be useful to confirm immunity, even if there is a possibility that the history is not accurate.
hospitals, there is a risk of transmission to unimmunized patients and coworkers by infected workers, and an outbreak can occur. Infection control is thus especially important in hospitals and other healthcare settings. The confirmation of immunity among healthcare workers is crucial to the prevention of measles and rubella outbreaks. Japan, the United Kingdom (UK), and Australia have adopted guidelines requiring a documented vaccination history or evidence of immunity by laboratory test as proof of immunity for healthcare workers [2] [3] [4] [5] . The United States (US), Canada, and New Zealand have also adopted a requirement for the laboratory confirmation of disease in addition to a written vaccination history or laboratory evidence of immunity as evidence of immunity for healthcare workers [6] [7] [8] [9] .
The number of people infected with measles or rubella in developed countries has recently dropped [10] [11] , but measles and rubella infections are not always diagnosed using laboratory confirmation; in some cases, they are diagnosed based on clinical findings. Therefore, the documentation of an individual's vaccination history or laboratory evidence of immunity is a realistic way to determine immunity in healthcare workers.
Regarding laboratory evidence of immunity, the measurement of antibodies for measles and rubella is relatively expensive. If a self-reported vaccination history could be used to identify the individuals who need one or more vaccinations, then unnecessary antibody titers could be avoided.
However, evaluating the healthcare workers' written vaccination history itself can be difficult because they may not have their vaccination documents available. Therefore, a vaccination history depends on self-reports in most cases, and there are significant differences among individuals in the accuracy of their self-reported vaccination histories because some individuals compile these histories based on maternity passbooks, whereas others depend on their memory or their parent's memory. The accuracy of self-reported vaccination histories is very important, especially if a self-reported vaccination history is adopted as an evidence of immunity.
Medical and nursing students practice at hospitals and these students are considered to be equal to healthcare workers from an infection control standpoint. Therefore, evaluating these students' immunity for measles and rubella is also necessary.
In the present study, using the medical and nursing students' data, we compared measles and rubella antibody titers with the students' self-reported vaccination history, which was requested to be completed as accurately as possible, and evaluated the association between the self-reported vaccine history and measles and rubella antibody.
Materials and Methods

Participants
The data of 660 medical and nursing students (287 men, 373 women) were used.
These were all students enrolled in Jichi Medical University from 2013-2015.
The age distribution was 18 -30 years (median: 19 years) and all students were Japanese.
The Participants' Ages at Each Vaccination and Infection
Prior to their enrollment at the university, we asked all students' parents to complete a vaccination history (using a template that we created), which included their age at each vaccination and whether they had experienced an infection of measles or rubella and, if "yes", their age at the onset of each infection.
Vaccination history and experience of infection were requested to be completed as accurately as possible.
Laboratory Evidence of Immunity
During the students' first school year, the measles and rubella immunoglobulin G (IgG) antibody titers of each student were measured by an enzyme immunoassay (CDC) method, which was performed by a commercial company (LSI Medience, Tokyo, Japan). 
Analysis
We analyzed the students' measles and rubella IgG antibody titers according to the vaccine dose. Although all students had submitted a completed vaccination and infection template, several templates were incomplete, and the age at which some students had received some vaccinations was unclear. We excluded these students' data from the analysis.
Moreover, as mentioned above, measles and rubella are not always diagnosed based on laboratory tests obtained at a clinical site, and we evaluated the relationship between measles and rubella antibody titers and self-reported vaccination history in this study. Thus, we also excluded the data of the students who had experienced measles or rubella infections. Finally, we analyzed 564 samples for measles and 558 samples for rubella.
To confirm the effect of vaccine doses on the positive ratio of each IgG antibody, we performed a logistic regression analysis adjusted for age and sex, using the software program JMP 10 (SAS Institute, Cary, NC, USA).
Ethics
This study was approved by the Ethics Committee of Jichi Medical University (approval No. 15-078).
Results
Measles
We analyzed the measles antibody titer and self-reported vaccination history of 564 students. Their data are summarized in Table 1 based on their self-reported vaccine doses (i.e., receiving no vaccinations, one vaccination, or two or more vaccinations). Among the students who had received one or more measles vaccinations, over 95% had immunity for measles regardless of the vaccine dose. In contrast, the immunity ratio in the students who reported that they had not received a measles vaccination was 70%, which was approximately 25% lower than that in the students who had received one or more vaccinations. The logistic regression analysis showed that the odds ratios (ORs) for positive antibody titer was increased among the students with a two-dose vaccination history compared to those with no vaccination (OR, 10.2; 95% confidence interval [95% CI], 1.90 -46.1). The ORs for positive antibody titer was also increased among the students with a one-dose vaccination history compared to that in the students who had had no measles vaccination (OR, 13.6; 95% CI, 2.63 -57.8).
There was no significant difference between the students with a two-dose vaccination history and those with a one-dose vaccination history (OR, 0.75; 95% CI, 0.31 -1.93) ( Table 2 ). 
Rubella
We analyzed 558 students' rubella antibody titer and their self-reported vaccination history. Their data are summarized in Table 3 according to their self-reported vaccine doses. Among the students who had received one or more vaccinations, approximately 90% had immunity for rubella regardless of the vaccine dose. In contrast, the immunity ratio in students who had not received a rubella vaccine was 72%, which was approximately 18% lower than in the students who had received one or more vaccinations.
The logistic regression analysis showed that the ORs for positive titer were increased among the students with a two-dose vaccination history compared to those in students with a no-vaccination history (OR, 4.30; 95% CI, 1.44 -12.1).
The OR for positive titer was also increased among the students with a one-dose vaccination history compared to that in students with a no-vaccination history (OR, 3.34; 95% CI, 1.23 -8.25). There was no significant difference between the students with a two-dose history and those with a one-dose vaccination history (OR, 1.29; 95% CI, 0.68 -2.59) ( Table 4) . 
Discussion
We compared measles and rubella antibody titers with the self-reported vaccination history of medical and nursing students, and evaluated the association between self-reported vaccine history and measles and rubella antibody.
According to the US Centers for Disease Control (CDC), one dose of the MMR (measles, mumps, and rubella) vaccine is about 93% (range, 39% -100%) effective at preventing measles, and two doses are approximately 97% (range, 67% -100%) effective. The CDC also considers one dose of the MMR vaccine as approximately 97% (range, 94% -100%) effective at preventing rubella; in the investigation cited by the CDC, approximately 91% -100% of individuals who had received two MMR doses had a detectable antibody level [13] . Comparing our data with those of the CDC report, the immunity level for measles is nearly the same and the immunity level for rubella is slightly lower. A Japanese study of the immunity level for rubella was also reported to be the same as those of the CDC report [14] ; thus, the reason the immunity level for only rubella is lower in the present study is unclear.
The immunity levels for measles and rubella were not vastly different from those in the previous reports; therefore, we suspected that an accurate self-reported vaccination history may be useful to confirm immunity and allow for the selection of the students who require vaccinations. An accurate report is one where the age at which each student had received a vaccination can be determined.
Our present findings showed that the students who had received one or more doses of a measles or rubella vaccine had a relatively high positive immunity ratio, and their ratio is significantly higher than in the students with no vaccinations. For both measles and rubella, the positive ratio was not significantly different among the two-dose and one-dose groups. Therefore, achieving immunity for measles and rubella is high even when an individual has had only one dose of the respective vaccine.
However, many countries, including Japan, the UK, Australia, the US, Canada, and New Zealand, recommend a two-dose vaccine for measles (e.g., the [9] . Although in the US and Canada, one dose of the rubella-containing vaccine is recommended for healthcare workers, two-dose vaccine is common because MMR vaccine is also used for rubella. Proof of having received this vaccine is recognized as evidence of immunity.
Although it may not apply to live vaccines triggering long-term IgG antibodies for extended periods of time, the following generic pattern about immunity is indicated. After a vaccine is administered, the IgG antibody is produced, and, after increasing up to its peak value, the IgG antibody titer eventually returns to the baseline level. A booster vaccine reactivates the immune memory and results in a rapid increase in the IgG antibody titer. The antibody titer then declines with slower kinetics compared to that after the primary vaccine [15] , and thus the immunization continues for a longer period and is more effective.
The IgG titer measured after the one-dose vaccination in our study population appears to be enough, but a two-dose vaccine is desirable to maintain high level of immunity. In fact, there is a report that those who have been vaccinated twice are better protected against epidemic measles than single-dose recipients [16] .
In Japan, there are two opportunities to receive measles and rubella vaccinations for individuals born after 1990 according to Japan's vaccination policy [17] . All students analyzed in the present study were born after 1990 except for five in the measles analysis and three in the rubella analysis. Therefore, the students' self-reports of receiving two doses of a vaccination are reliable. However, we suspect that among the students who declared that they had received a vaccination once, there were several students who had actually received two doses.
It also seems likely that, among the students who reported that they had received no vaccinations, these students had a one-dose or two-dose history. In light of our results, the precise positive ratio for individuals with a one-dose vaccination history was thus not obtained in this study, because our data were based on self-reports; the exact percentage of two-dose histories among the students who declared having received one dose was not determined.
Thus, even though the vaccination history is requested to be completed as accurately as possible, the possibility was suggested that the accuracy of these self-reports, especially among the students who stated they had received a vaccination once or not at all, are insufficient. This is the limitation of the self-reported vaccination history.
Consequently, the administrator should request not only that the vaccination history be completed as accurately as possible, but also that maternity passbooks or proof of vaccination be utilized. However, from our results, we may suggest as follows.
Students reporting that they have had two doses of a vaccine do not require the IgG antibody titer, whereas those reporting that they have had only one dose of a vaccine should be given an additional dose instead of the IgG antibody titer.
Regarding the individuals with no history of vaccination, the IgG antibody titer should be performed and a two-dose vaccination should be administered if it is determined that they do not have immunity.
The positive classification may be overestimated because the EIA is sensitive.
This measurement kit and cut-off point is widely used in Japan; therefore, we analyzed the data using this cut-off point.
In this study, we excluded the data of the students who had measles or rubella infection. However, among the students who stated that they had not received a measles or rubella vaccine, 70% and 72% had immunity, respectively. In most cases, it seems that those students actually had received a vaccine. However, there is a possibility that asymptomatic cases were not ruled out, considering the immunity levels for measles and rubella were not greatly different from those in the previous reports; thus, we thought that few asymptomatic cases existed.
According to CDC reports, a two-dose MMR vaccine is about 97% effective at preventing measles, and 91% -100% effective at preventing rubella [13] . This indicates that, even if the individual who had received two doses of a vaccine, there is a possibility that some individuals do not have sufficient IgG antibody.
There are reports that the IgG antibody titer measuring humoral immunity and cell-mediated immunity could also be used for preventing disease [18] [19] .
Therefore, the development of techniques for measuring cell-mediated immunity is necessary.
Conclusions
In our study, although the students' self-reports of receiving two doses of a vaccination were reliable, the vaccination history of the students who declared that they had received a vaccination once or not at all may be inaccurate. Although it is desirable that vaccination history is completed not only as accurately as possible, but also based on the maternity passbooks or proof of vaccination, selfreported vaccination history may be useful to confirm immunity, even if there is a possibility that the history is not completely accurate. Therefore, we can make the following recommendations. Students who report that they have had two doses of a vaccine do not need an IgG antibody titer, whereas those reporting that they have had only one dose of a vaccine should be given an additional dose instead of the IgG antibody titer. Regarding the individuals with no history of vaccination, the IgG antibody titer should be performed and a two-dose vaccination should be administered if it is determined that they do not have immunity.
